Cowpea beans is grown under different edaphoclimatic conditions throughout Brazilian regions causing them to perform differently due to the influence that environments have on genotypes. Thus, it is necessary to obtain lines adapted to the specific cultivation environments so that it can present high yield. The objective of this work was to select cowpea lines through the GYT biplot multivariate analysis. The experiment was carried out in Bom Jesus de Itabapoana, Rio de Janeiro Oliveira et al.; JEAI, 41(5): 1-9, 2019; Article no.JEAI.52403 2 State, Brazil, in the 2016 and 2017 harvests. The randomized block design was performed with four replications and four lines per plot. Variance analyzes and biplot plots were applied for the number of days of flowering, final planting, harvest value, housing, pod yield, length, average number of beans per pod, average grain weight per pod and grain weight. The analysis of variance showed that there is genetic variability among the strains, requiring a detailed study to select those with the best agronomic performance. The first two major components of the biplot chart explained almost all of the variation between strains. All yield characteristics were negatively correlated with the set of productivity combinations with housing and number of days for flowering. Lines 3, 10, 4, 2, 6, 12, 7 and 11 showed better average performance for yield characteristics.
INTRODUCTION
The cowpea (Vigna unguiculata (L.) Walp.), as it is moderately resistant to drought, can be grown under different edaphoclimatic conditions. That vegetable is widely grown and consumed globally, being used as the main source of protein [1] . For the 2012-2014 period, the average global yield was 7.32 million tons [2] . As specified by Freire Filho [3] , the Brazilian cowpea yield has still been considered low.
As this vegetable is grown in many Brazilian states, the development of adapted lines that provide good performance and agronomic traits of interest is a challenge. Therefore, knowing about the existing association between the traits of interest is essential when it is intended to make a simultaneous selection of characters and obtain progressive gains by means of indirect selection of easily measured characters [4, 5] .
The analysis of main components (MC) makes feasible to reduce a set of traits in linear combinations, enabling data interpretation. The biplot methodology, for its part, is an analysis that employs the first two MCs, describing data graphically on the basis of their pattern. According to Yan and Rajcan [6] , Yan and Tinker [7] and Paramesh, et al. [8] , the biplot analysis is superior to the other correlation and regression analyses, since it describes the correlation among all the variables simultaneously, provides a tool for visual comparison of genotypes based on the multiple traits, and permits its independent selection.
Yan and Frégeau-Reid [9] state that the GYT biplot analysis is a new methodology based on the genotype selection that combine high yield with other target traits, rather than by individual traits. They point out that the average tester coordination view (ATC) of the GYT biplot ranks the genotypes based on their general performance by means of the combinations of yield with the other variables, generating yield traits.
Considering that the breeding program aims to obtain high yielding genotypes and other agronomic traits of interest, the GYT biplot analysis appears as a solution select superior genotypes to reliably. According to Yan, et al. [10] the GYT index takes into account that yield is the most important trait, hindering the selection and recommendation of low yield genotypes, thus being superior to the traditional selection index. Thus, this analysis allows the breeder to choose genotypes that display a good performance for a trait of interest, being this connected to high-performance yield.
As a result, the purpose of this research was to select cowpea line by GYT biplot analysis and study the existing correlation among the yield traits.
MATERIALS AND METHODS
This work assessed 14 cowpea lines (Table 1) , in which two cultivars were used as testimonies (BRS Tumucumaque and BRS Imponente), during the crops of 2015 and 2016, at Bom Jesus de Itabapoana Municipality, located in the Northeast of Rio de Janeiro State (latitude 21º08'02"S, c 41º40'47"W and altitude 88 m). The region has tropical climate according to the Köppen's climate classification [11] , mean annual temperature of 23ºC and the soil classified as red-yellow latosoil + cambisoil. Line code Commercial subclass 01
Bico-de-ouro 1-5-11 SV 02
Bico-de-ouro 1-5-15 SV 03
Bico-de-ouro 1-5-19 SV 04
Bico-de-ouro 1-5-24 ML 05
Pingo-de-ouro 1-5-26 ML 06
Pingo-de-ouro 1-5-4 ML 07
Pingo-de-ouro 1-5-5 ML 08
Pingo-de-ouro 1-5-7 ML 09
Pingo-de-ouro 1-5-8 ML 10
Pingo-de-ouro 1-5-10 ML 11
Pingo-de-ouro 1-5-11 ML 12
Pingo-de-ouro 1-5-14 ML 13
BRS Tumucumaque BR 14
BRS Imponente BC
BR -Branco; BC -Brancão; FR -Fradinho; ML-Mulato; SV -Sempre-Verde; CN -Canapu
Initially, an analysis of variance was performed for each environment aiming at verifying the homogeneity of the residue variances, using the model:
where: is the observed value of the studied characteristic in genotype i and block j; is the overall mean of the experiment; is the effect of treatment i;
is the error associated with .
Subsequently, a joint analysis of variance was conducted considering the effects of genotypes and environments to obtain the matrix GE, using the model:
where: is the observed value of the studied characteristic in genotype i, environment j and block k; is the overall mean of the experiment;
is the effect of genotype i; is the effect of environment j;
is the effect of the interaction of genotype i with environment j; / is the effect of the interational of block k within environment j;
The GYT biplot multivariate analysis was based on information from phenotypic means, being the procedure for combining the means of the variables in accordance with the methodology proposed by Yan and Frégeau-Reid [9] . In this methodology, when there is a variable in which the focus is on reaching high values, it is multiplied by the mean of the yield (GY*CV), and those which interest is in achieving lower values, the means (GY/NDF) are divided. Being thus, the variable yield per se is not included in the biplot, provided that it is incorporated into each of the yield trait combinations.
The biplots were built applying the two first MCs, in such a way that the main component (MC1) was used in the horizontal axis and the MC2, in the vertical axis by means of the Singular Values Decomposition (SVD) on the basis of the equation proposed by Yan and Frégeau-Reid
in which λ 1 and λ 2 are the singular values for the first and the second main components, respectively; is the singular factor of value partitioning; ξ and ξ are the eigenvalues of the first and the second main components, respectively, for the genotype i; and are the eigenvalues for the first and the second main components, respectively, for the combination of yield trait j; and is the residue of the first and the second main components for the genotype i in the combination of yield trait j.
The analysis of variance and the GYT biplots graphs were achieved by the R software with the help of the ggplot2 package (R Development Core Team 2014).
RESULTS AND DISCUSSION
The significant effects for the variables GY, NDF, PS, NGP, and WGP revealed the lines displayed differences in performance caused by the genetic variability, which enables success in selection (Table 2 ). That result proves that the lines are altered in the rankings in accordance with the trait under study. The significance between the interaction genotypes x years indicates different behavior of the lines in the different years.
As a result of these alterations in the rankings, a behavior study of these lines is required to select the ones that present, together, agronomic traits of interest and good grain yield, taking into account that the genotype selection for a certain trait of agronomic interest is only valid when it is associated with high yield. Therefore, the combination levels between yield and traits are more significant than the levels of individual traits in the selection of superior cultivars [9] .
The GYT biplot analysis demonstrated that the two first MCs explained almost the totality of the variation between the lines (89.73%), stating that there is high reliability of results provided by the multivariate analysis. Thus, the graphical representation was regarded as effective and could be used for a comprehensible data interpretation [12] .
With regard to the yield performance of the genotypes, the position of the vertex shows the greatest distance with regard to the origin, ranking them as more responsive. Those genotypes should be used to identify possible yield patterns that help select the most responsive genotypes to specific traits. Then, the genotypes within the polygon are the least responsive to the traits that represent the group formed.
Under this context, the variables grouped within the polygon are considered similar in terms of the environmental influence generated on the genotypes. Four groups can be noticed. The performance of the grain formed the first group (G1), represented by the combination GY*W100G. The stand formed the second group (G2) by the combination GY*PS (Fig. 1) . The third group clustered the traits of the performance of pod (G3), GY*PY, GY*NGP and GY*WGP. The fourth group, with the largest number of combinations, allocated the phenological traits of the plant and the pod length (G4), GY/NDF, GY/LD, GY*CV and GY*PL.
The line L8 was displayed at the vertex of the first group, which means that it was the best in the grain yield combination with weight of 100 grains. The best performance for G2 was from the lines L2 and L10. Regarding the group of combinations referring to the G3, they highlighted the line L7 as the best performance. In the G4, the cultivars BRS Imponente was higher for the combinations of grain yield with the number of days for flowering, lodging, crop value, and pod length.
It is worth noting that variable combinations, which are in the same group, enable to select more yielded lines and that present other traits of interest, as the line at the vertex stands out for all the sets of variables present in the group formed. Therefore, it is possible to designate a single combination and discard the other ones, reducing costs and time with evaluations.
The superiority ranking of the genotypes, on the basis of their yield trait combinations, was given in Fig. 2 . In that graph, the ATC is based on the singular value partitioning focused on the genotype, so that the circle shaped represents the mean of the yield trait combination, defined by the coordinates of the set of yield trait combinations assessed in the biplot [9] .
The vertical line separates the genotypes by the means; thus, those that are on the same side of the average tester axis (ATA), right side, present better mean performance for the yield trait combinations. The discriminance is represented by the length of the projection formed towards the ATA, in a way that the lines that present smaller projections tend to have a balanced yield trait set, while larger projections show higher discriminance for a combination set [9] .
Consequently, the cultivar BRS Imponente and line L7 showed performance above overall average, and the lines L1, L2, L11 and cultivar BRS Tumucumaque were ranked as within overall average. On the other hand, the lines L3, L4, L6, L8, L9, L10 and L12 displayed mean values below the overall average, despite Fig. 1 illustrating that some of these values stood out in some trait combinations, such as weight of 100 grains and stand. In terms of profile, the lines that presented good means and that were shown balanced for the set of yield trait combinations were L5 and L1. L2, l7, and L11 were shown to be discriminant for the traits relating to G3 and the cultivars BRS Imponente and BRS Tumucumaque, for the traits concerning G4. All lines above the ATA tend to present the best levels for the set of traits existing in G4. Similarly, the lines below the ATA provide the best mean performance for the set of combinations in G3.
Being aware of the correlations between the variables makes it easier the decision-making for the breeding programs, which aim at selecting the genotypes of interest [13] . Considering that, the correlation among the yield traits can be verified in Fig. 3 . This graph shows that the angles formed by the vectors denote the degree of association among the variables, in such a way that acute angles (<90º) designate positive correlations, right angles (=90º) indicate non-correlation, obtuse angles (>90º) reveal negative correlations, and vectors that form angles of 180º are strongly negatively correlated [14] .
As such, the set of combinations concerning the phenology of the plant and length of the pod presented high positive correlation with the set of traits of pod performance, pointing out that lines with best performance for the combinations of yield with number of days for flowering, lodging, crop value, and pod length tend to have good performance for the combination of yield with pod yield, number of grains per pod, and weight of grains per pod.
Conversely, GY*W100G and GY*PS showed high negative correlation with the other sets of combinations, stating that lines that present the best means for the combination of yield with weight of 100 grains and stand tend to have the worst performance of pod and phenology of plant.
Machado, et al. [15] report that the existing positive correlation between number of days for flowering and weight of grains makes it difficult the selection of early and high yield lines. Nevertheless, the GYT biplot enabled to select line that provides those two traits together, like the cultivar BRS Imponente. Likewise, lines with a good combination of grain yield with number of grains per pod and weight of 100 grains were obtained, which was not possible in works performed with snap beans [14] and broad beans, respectively [16] . Those results prove the superiority and ease of this analysis when it comes to selecting genotypes that respond well to the variable yield and that is connected to other wanted traits.
CONCLUSION
The GYT biplot proved to be a reliable and an easy-to-interpret analysis and visualization of the results.
Four groups that represented the performance of grains were formed, as follows: stand, grain performance, and phenology and pod length, respectively.
The lines with the best performance for each group were L8 (G1), L3 and L10 (G2), L7 (G3), and cultivar BRS Imponente (G4).
The combination between yield with weight of 100 grains and stand should not be used when it comes to select lines with good performance for the other groups of yield traits.
